The genome profiles of 200 field isolates of bluetongue virus were obtained by extracting the double-stranded RNA genome from each isolate and separating the ten genome segments by polyacrylamide gel electrophoresis. These virus isolates, consisting of representatives of the four bluetongue virus serotypes existing in the U.S.A., were obtained during an epidemiological study commencing in 1979 in four western states of the United States. Analysis of the migration patterns of the ten double-stranded RNA genome segments revealed distinct variations of electrophoretic profiles of many isolates. These variations are discussed in relation to the year and geographical region in which the isolate was made, the species of animal from which the virus was obtained and the electropherotype relationships of the four bluetongue virus serotypes existing in the U.S.A.
INTRODUCTION
The 10 double-stranded (ds)RNA genome segments of bluetongue virus (BTV) (genus Orbivirus; family Reoviridae) can be separated and visualized by polyacrylamide gel electrophoresis (PAGE). This technique has been used to compare the different electrophoretic migration patterns of various strains and serotypes of BTV (Gorman et al., 1981 (Gorman et al., , 1982 Huismans & Bremer, 1981; Knudson et al., 1982; Sugiyama et al., 1982) . Similar migration distances of the dsRNA bands in the gel reflect only a molecular weight similarity and not a genetic similarity. Electrophoretically equivalent segments of orbiviruses can contain distinct genetic information (Walker et al., 1980; Gorman et al., 1981 ; Sugiyama et al., 1981 Sugiyama et al., , 1982 and genome segments that contain sequences coding for equivalent antigenic sites of different isolates may migrate to different positions in PAGE (Gorman, 1979) . Therefore, different antigenic serotypes of BTV may have the same electropherotype while variable electropherotypes may occur within the same serotype.
Heterogeneity in the sizes of the genome segments (as determined by PAGE) is a common property of the orbiviruses (Gorman et al., 1977 (Gorman et al., , 1981 Gorman, 1979) . Since variable electropherotypes reflect variable viral genotypes, a marked genetic diversity occurs in this group of viruses and has been recognized to occur in the BTV serogroup (Gorman et al., 1981 (Gorman et al., , 1982 Huismans & Bremer, 1981; Sugiyama et al., 1981 Sugiyama et al., , 1982 .
Different serotypes of BTV have been reported to have different electropherotypes (Gorman et al., 1981 (Gorman et al., , 1982 Huismans & Bremer, 1981 ; Knudson et al., 1982; Sugiyama et al., 1982) while variable electropherotypes occurring within the same serotype are less commonly described (Knudson et al., 1982; Sugiyama et al., 1982) . These previous comparisons of electropherotype variability have been limited to small sample numbers of BTV due to the prolonged and frequently expensive techniques required to obtain a genome profile of the dsRNA. Techniques now available (Squire et al., 1983 ) allow a genome profile to be inexpensively obtained from multiple virus samples in 16 h. This paper describes the electropherotype relationships of 200 isolates of the four serotypes of BTV existing in the U.S.A. (serotypes 10, 11, 13 and 17) which were collected from the western United States between 1979 and 1982. 0022-1317/83/0000-5605 $02.00 © 1983 SGM K.R.E. SQUIRE AND OTHERS
METHODS
Cell cultures. Monolayers of BHK-21 cells were grown in 24-well cluster plates (Costar) by seeding each well with 1 ml of Eagle's minimal essential medium (with Hanks' balanced salt solution and 2 mM-L-glutamine, pH 7-4) supplemented with 10~ foetal bovine serum (FBS) and containing 3 x 105 to 5 x 105 cells. The plates were incubated at 37 °C in 5~ CO 2 for 48 h.
Virus. Heparinized blood samples from sheep, cattle, goats, deer and antelope and homogenized pools of 50 gnats (Culicoides variipennis) were processed as described by Osburn et al. (1981) and inoculated into 10-to 11-dayold embryonated chicken eggs (ECE). All isolates of virus made in the ECE were subsequently adapted to cell culture in either Vero or L-929 (mouse fibroblast) cells grown in the Eagle's medium previously described. The virus-infected cells were incubated at 37 °C until 100~ cytopathic effect (48 to 72 h) was observed and the infective material (cell debris plus medium) was sonicated and stored at 4 °C. The following numbers of isolates of each serotype were processed: 53; 16; 71 ; 60 .
In the present study, 0.1 ml of each virus isolate was diluted 1 : 10 in 0.9 ml of the Eagle's medium containing 5 FBS and added to monolayers of BHK-21 cells in the 24-well plates. Two wells of each plate were infected with a plaque-cloned reference strain of the BTV serotypes in the assay. Prototype BTV serotypes isolated in the U.S.A. (BTV-10, strain California BT 8; BTV-11, Station strain; BTV-13, strain 6741 B; BTV-17, strain 62-45 S) were obtained from the Arthropod-Borne Animal Diseases Research Laboratory, Denver, Co., U.S.A. The infected cell monolayers in the 24-well plates were incubated at 37 °C in 5 ~ CO 2 for 48 h. The cell debris was scraped off the well surface with a plastic pipette tip and the 1 ml of infective celt debris in the medium was transferred to a microcentrifuge tube (Eppendorf 1.5 ml) for extraction of the dsRNA.
Virus serotype identification. Virus isolates were identified by serotype soon after the initial isolation, by the plaque-reduction neutralization test (PRNT) as described by Stott et al. (1978) . Sixty isolates, including those with unusual electropherotypes, were re-typed at the time of this study to confirm the original serotype identification.
Extraction ofdsRNA. The infective cell debris was pelleted (Eppendorf, Brinkmann 5412) and stored at -20 °C until needed. The dsRNA of the field isolates was extracted by the rapid method of Herring et al. (1982) as adapted by Squire et al. (1983) . This involved adding 100 ~tl of a 0.1 M-sodium acetate buffer pH 5.0 made 1 ~ for SDS to the cell pellets in the Eppendorf tubes. A 100 lal volume of a 3 : 2 phenol (50 g phenol, 7 g m-cresol, 20 g H20 containing 0.05 g 8-hydroxyquinoline) :chloroform suspension was added to the cell suspension. The aqueous phase of this extract was electrophoresed as described below.
For photographic purposes the gels were loaded with 0-5 lag to 1.0 lag dsRNA which was extracted from either a 75 cm 2 flask of infected BHK cells by the method of Clarke & McCrae (1981) , or from 24-well plates by a lithium chloride microextraction procedure as described previously (Squire et al., 1983) . The method of dsRNA extraction did not affect the electrophoretic migration patterns of the isolates.
Electrophoresis. The dsRNA extract from each sample was mixed with 25 lal of PAGE sample application buffer (0.062 M-Tris-HC1 pH 6.8 containing 2 ~ SDS, 10 ~ glycerol, 5 ~ 2-mercaptoethanol, 0.001 ~ bromophenol blue) and electrophoresed at 20 mA for 15 h. A 10~ polyacrylamide gel was constructed with a 5~ stacking gel according to the method of Laemmli (1970) and the electrophoresis performed as described previously (Squire et al., 1983) . The gels were stained with 500 ml of ethidium bromide (10 ~tg/ml) and photographed on a transmitted u.v. light source (Polaroid 4 x 5 Land Film Type 52/Pola Pan).
RESULTS

Variation of BTV RNA segments among serotypes Electropherotype variation between serotypes
The U.S.A. prototype strains of BTV-11 and BTV-17 have similar electrophoretic migration patterns with only minor variations in segments 8 and 10 ( Fig. 1, Fig. 2 ). The prototype strains of BTV-10 and BTV-13 have electrophoretic patterns distinct from each other and distinct from the BTV-11/BTV-17 electropherotype (Fig. 1) . The segment that differs in migration distance resulting in these distinctive patterns is gene segment 5. Segment 2, which codes for the serospecific protein P2 which varies antigenically between BTV serotypes (Huismans & Erasmus, 1981) , has a generally consistent electrophoretic migration distance for each serotype with a barely perceptible variation in the BTV-17 electropherotype. The low mol. wt. genome segments (segments 5 to 10) are more variable in migration distance than segments 1 to 4.
Electropherotype variation within serotypes
Variation of electrophoretic migration patterns occurred with field isolates in each BTV serotype group (Fig. 3, 4 (not shown), whereas large variations in some genome segments (especially segments 5 and 10) occurred with BTV-10, BTV-I 1 and BTV-13. The high tool. wt. segments (segments 1 to 4) in each serotype had consistent migration distances compared to segments 5 to 10 which were more electrophoretically variable. The variation in segment 5 of BTV-10 and BTV-13 is significant in that a lower mol. wt. of this genome segment will result in its migration close to segment 6 (Fig. 4, Fig. 5 ). In this event, both BTV-10 and BTV-13 field isolates may have electrophoretic migration patterns similar to each other and to the BTV-11/BTV-17 prototype electropherotypes. Thus, segment 5 may migrate slowly (5S) near segment 4 or fast (5F) near segment 6 in serotypes 10, 11 and 13. As well as the 5S (not shown) and 5F pattern of BTV-13, a migration of segment 5 which was midway between segments 4 and 6 (5M) was also observed and was the pattern of the prototype BTV-13. Only the 5F pattern was observed with BTV-17. Due to the heterogeneity of the electrophoretic patterns, the serotypes of the field isolates therefore could not be deduced from their electropherotype (Fig. 7) . The minor differences that can be observed in the migration distances of some of the Table 1 ). 
Culicoides variipennis.
genome segments of the field isolates in Fig. 7 are variable and not consistent for each serotype. The variation in migration of segments 5 (i.e. 5S or 5F) in BTV serotypes 10, 11 and 13 gives the appearance of at least two distinct patterns of electropherotypes. This distinction is arbitrary, as segment 5 can be located at any position between segments 4 and 6. The electropherotype of the majority of the isolates of any one serotype resembled the electropherotype of the prototype strain. However, the concept of different serotypes having fixed electropherotypes is not supported by the heterogeneity of the electrophoretic patterns of the field isolates. Bluetongue electropherotype survey BTV-10 (1979 BTV-10 ( to 1981 Table 2 ). An electropherotype completely different from the 5F or 5S pattern of all other BTV-10 isolates was obtained from five 1981 isolates of BTV-10. In these isolates, segment 5 co-migrated with segment 4, giving the appearance of nine segments in the electropherogram (Fig. 3 ). An increased electrophoresis time (18 h) separated these two segments (Fig. 8) . Four of these five isolates were obtained from cattle on one ranch (Ranch A) and one from a bovine on Ranch D (Table 1) . A second serotype of BTV was isolated from other cattle on both of these ranches on the same day that the unusual BTV-10 isolations were made (BTV-13 Ranch A; BTV-11 Ranch D). One of the animals from Ranch A yielding a BTV-10 isolate with the unusual electrophoretic pattern had BTV-13 isolated from its blood 16 days before the BTV-10 isolation. This BTV-13 isolate (not shown) had a 5F migration pattern. It is not known if the aberrant electropherotypes Table 3 ). were generated by genetic reassortment with the other co-existing B T V strains but the possibility is acknowledged. N o t e that the isolate from the pool of C. variipennis insects from R a n c h D (Table 1) Table 3 ) had a 5S migration pattern which was different from the 5F electrophoretic pattern observed with other 1981 isolates of BTV-11 (Fig. 5) . These four different isolates were made from animals on the same ranch ( R a n c h Z, Table 3 ) and a second serotype of B T V (BTV-17) was isolated from other animals on Fig. 6. Field isolates of BTV-13. Lane 10 is the BTV-13 reference virus (see Table 4 ). this ranch on the same days that the BTV-11 isolations were made. T w o further isolates of B T V -11, m a d e at the same time from R a n c h Z, do not have the changed electropherotype (lanes 2 and 9, Fig. 5 ; Table 3 ). It m a y be that the variable migration of segment 5 of BTV-11 occurs spontaneously but the co-existence of serotypes 11 and 17 on R a n c h Z m a y also have influenced the emergence of the different BTV-11 electropherotypes, as postulated previously with BTV-10. It is unclear, however, whether a genetic reassortment between similar 5F patterns of BTV-11 and BTV-17 would generate the 5S pattern observed in the four BTV-11 isolates. 
Variation of BTV RNA segments among isolates Electropherotypes of isolates from different breeds of animal
The majority of the isolates were obtained from cattle or sheep but many isolates from goat, deer and elk were also analysed as well as isolates from pooled collections of the gnat C.
variipennis. No consistent pattern of electropherotype variation due to the species of animal infected was observed.
Electropherotype variation between geographical regions
Viruses isolated from the same geographical region (in the same year) generally had similar or identical electropherotypes. For example, refer to Fig. 3 and Table 1 where the distinctive BTV-10 electropherotypes in lanes 1, 2, 7 and 9 were isolated from different animals on the same ranch. Also note the similar electropherotypes of BTV-13 isolates obtained from the same ranch in 1981 in lanes 3, 4 and 7 of Fig. 6 . Exceptions to this pattern of similar electropherotypes existing in the same region occurred where dual serotypes of BTV co-existed and more than one electropherotype occurred for either BTV-10 (Ranch D, Table 1 ) or BTV-11 (Ranch Z, Table 3 ).
No consistent variation of electropherotype from one region to another was observed with BTV-11, BTV-13 or BTV-17 but did appear to occur with BTV-10. Two isolates of BTV-10 obtained in 1979 and 1980 from Oregon (lane 4, Fig. 4 ; Table 2) and Idaho (not shown) had a 5F migration pattern which was different to the 5S pattern of the Californian isolates of those years (Fig. 4) . However, in 1981, six of the 13 Californian BTV-10 isolates had the 5F electropherotype resembling the 1979/1980 Oregon and Idaho isolates (Fig. 3) . Two of the 13 1981 California isolates had the 5S pattern and the remaining five isolates had the co-migration 
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.10 of segments 5 and 4 as described previously. To clarify whether the 5S and 5F electropherotypes were geographically distributed and the 1981 Californian BTV-10 5F isolates perhaps originated from another state, eight BTV-10 isolates from across the U.S.A. were obtained from the Arthropod-Borne Animal Diseases Research Laboratory, Denver, Colorado (Fig. 9 , Table 5 ). The isolates from the western states (Montana, Arizona, Colorado and California) had a 5S migration pattern, which was the same electropherotype as the prototype BTV-10 but different to the 5F electrophoretic pattern of the isolates from the south-central states of Mississippi and Oklahoma. However, with the isolation of viruses with both 5S and 5F patterns in California in 1981, and the fact that the 5F electropherotypes of the Oregon and Idaho isolates (Fig. 4) were similar to those from Mississippi and Oklahoma (Fig. 9) , a geographical distribution of these types of BTV-10 does not appear to exist. The reason why the major electropherotype of BTV-10 isolated in California in 1980 (5S) varied from the most common 1981 electropherotype (5F) is not known.
Electropherotype variation over time
The isolations of BTV-11 that were studied were all made in 1981, precluding a year by year comparison. No major electropherotype variation could be detected in either BTV-13 or BTV-17 from one year to the next.
An apparent shift in electropherotype occurred with BTV-10 in California in 1981 as previously described. The electropherotype of BTV-10 isolates in 1979 and 1980 was similar to the 5S pattern of the prototype virus (Fig. 4) , whereas the majority (11 out of 13) of the 1981 isolates did not have this electropherotype (Fig. 3) .
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BTV-10 Fig. 9 . Field isolates of BTV-10 from across the United States. Mt, Montana; Az, Arizona; Co, Colorado; Ms, Mississippi; Ok, Oklahoma; Ca, California; Re f., BTV-10 reference virus (see Table 5 ). Table 5 . BTV-IO isolates (see Fig. 9 ) 
DISCUSSION
Variation occurred in the electrophoretic migration pattern of many field isolates of BTV in this study. This variation in electropherotype reflects variation in the genotype of the isolates and supports the recognition of a wide genetic diversity in the BTV serogroup (Gorman e t al., 1981, 1982 ; H u i s m a n s & B r e m e r , 1981 ; S u g i y a m a et al., 1981, 1982) . M a n y of t h e isolates of a given serotype had noticeably different electrophoretic migration distances of one or more of the 10 dsRNA genome segments and apart from BTV-17 a fixed electrophoretic pattern for a particular serotype did not exist. Although electropherotype variation of many isolates occurred, it must be recognized that the majority of isolates, especially those isolated in the same year from the same region, had similar electropherotypes.
Although the polymorphism of etectrophoretic migration patterns within serotypes has been established in other dsRNA virus groups (reovirus and rotavirus) (Beards, 1982; Clarke & McCrae, 1982; Flores et al., 1982; Gouvea & Schnitzer, 1982; Sabara et al., 1982; Street et al., 1982) , confusion exists in the literature as to whether electrophoretic profiles are diagnostic for certain orbiviruses. Many reports have recognized distinct electropherotypes for different serotypes ofBTV (Gorman et al., 1981 (Gorman et al., , 1982 Huismans & Bremer, 1981 ; Knudson et al., 1982) and it has been suggested that the PAGE profile may be diagnostic for BTV (Knudson et al., 1982) and able to classify other viruses in the orbivirus group (Verwoerd et al., 1979) . However, other reports have indicated that due to the heterogeneity in the electrophoretic patterns of the Wallal, Eubenangee and bluetongue subgroups of orbiviruses, it was neither possible to define relationships of these viruses by the dsRNA genome profiles (Gorman, 1979; Gorman et al., 1981) , nor was it even possible to distinguish the electrophoretic pattern of the Eubenangee subgroup from bluetongue virus (Gorman et al., 1981) .
The prototype BTV strains analysed in this report demonstrate similar electrophoretic patterns for BTV-11 and BTV-17 and these two serotypes could not be distinguished by their electropherotypes. Although BTV-10 and BTV-13 prototype electropherotypes are distinct, the electrophoretic variation of many field isolates of BTV-10, BTV-11 and BTV-l 3 is large enough to produce electropherotypes similar to each other and to the BTV-17 electropherotype. Therefore, electrophoretic migration patterns cannot be used to identify a serotype of BTV, at least in the United States. In this regard we support the hypothesis of Gorman et al. (1981) on the genetic heterogeneity of these viruses producing genome profiles which do not allow comparisons of genetic or antigenic relationships of the bluetongue viruses.
The heterogeneity of the genome profiles observed in this survey appeared to have no common initiating factor. No consistent electrophoretic variation occurred in isolates from the five vertebrate species of animals (cattle, sheep, goat, deer and elk) from which the BTV isolates were made. No consistent electrophoretic variation occurred with either the year or geographical location of the isolate except perhaps for BTV-10. The two principal electrophoretic patterns of BTV-10 appear to occur wherever BTV is detected in the U.S.A. but the reason for the predominance of one of these electropherotypes in California in one year (1980) and of the other in the next year is not known. A third electrophoretic pattern of BTV-10 where segment 5 co-migrates with segment 4 was observed in five 1981 isolates. Four of these five isolates were made from the one ranch and both the ranches (Ranch A and Ranch D) that yielded these distinctive electropherotypes had a second serotype of BTV infecting other animals at the same time as the BTV-10 isolations were made. An unusual electropherotype of BTV-11 was also obtained on a ranch (Ranch Z) where dual serotypes of BTV co-existed at the time the different electropherotype was isolated. There is evidence of genetic reassortment of BTV isolates in the U.S.A. (Sugiyama et al., 1981 (Sugiyama et al., , 1982 and the unusual BTV-10 and BTV-11 electropherotypes in this surv~ey may have emerged by this process. It is also possible that the highly variable genome segment 5 is constantly changing in any population yielding these variable electrophoretic patterns. In this regard there probably is no defined pattern of electropherotype confined to any one area and the use of PAGE analysis to determine if a virus isolate is exotic to any region is limited. This concept is supported by the following observations: (i) genome segment 5 can be found in any position between genome segments 4 and 6 of BTV-10, (ii) the three patterns of BTV-10, 5S, 5F and segment 5 co-migrating with segment 4 were all isolated in California in 1981, (iii) both patterns of BTV-1:1 where segment 5 migrates close to either segments 4 or 6 were isolated at the same time from the one herd (Ranch Z), (iv) Ranches A and D, from which the aberrant BTV-10 etectropherotypes were isolated, are over 400 miles apart and (v) both Ranches A and D have closed or restricted herds and there were no introductions of livestock which could have introduced new variants of BTV.
The consistent migration distance of genome segment 2 between serotypes is noteworthy. This segment codes for the serotype-specific antigenic determinants on outer-capsid polypeptide P2 and therefore must vary genetically between BTV serotypes. However, not all of the antigenic determinants on polypeptide P2 are necessarily serospecific (Huismans & Erasmus, 1981) . Only minor variations in genome segment 2 may therefore be necessary for serotype variation and the similar migration distances observed with genome segment 2 between BTV serotypes may be a result of only minor genetic change in these segments.
In summary, this survey has demonstrated : (1) that although many isolates of BTV from the same geographical region in the same year had similar electropherotypes a wide genetic diversity has been observed in field isolates of BTV, (2) this genetic variation does not appear to be related to either the geographical location of the isolation, the year the isolate was made, or the species of animal from which the isolate was obtained, suggesting that genetic variation of BTV is constantly manifest, (3) the generation of a different electropherotype in a confined area (three separate ranches) occurred where two serotypes of BTV co-existed at the time the new electropherotype was isolated and (4) BTV isolates could not be identified to serotype by their electrophoretic migration pattern.
